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(57) ABSTRACT

A method of performing write operations in a memory device
including a plurality of bank 1s performed. Each bank
includes two or more sub-banks including at least a first
sub-bank and a second sub-bank. The method comprises:
performing a first row cycle for writing to a first word line of
the first sub-bank, the first row cycle including a plurality of
first sub-periods, each sub-period for performing a particular
action; and performing a second row cycle for writing to a first
word line of the second sub-bank, the second row cycle
including a plurality of second sub-periods of the same type
as the plurality of first sub-periods. The first row cycle over-
laps with the second row cycle, and a first type sub-period of
the first sub-periods overlaps with a second type sub-period of
the second sub-periods, the first type and second type being
different types.
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MEMORY DEVICE FOR MANAGING TIMING
PARAMETERS

CROSS-REFERENCE TO RELAT
APPLICATIONS

T
»

This application claims the benefit of Korean Patent Appli-
cation No. 10-2011-00787435, filed on Aug. 8, 2011 and

Korean Patent Application No. 10-2012-00377533, filed on
Apr. 10, 2012, in the Korean Intellectual Property Office, the
disclosure of each of which i1s incorporated herein in 1ts
entirety by reference.

BACKGROUND

The disclosed embodiments relate to a memory device, and
more particularly, to a memory device for managing timing,
parameters from a memory controller.

A memory device operates according to specifications of
timing parameters such as a memory cell data write time, a
word line activation time, and a precharge time. Timing
parameters increase as a semiconductor process shrinks,
thereby reducing semiconductor yield. Accordingly, there 1s a
demand for a method of managing timing parameters 1n a
memory system.

SUMMARY

The present disclosure provides a memory device that may
obtain a suilicient timing parameter margin by hiding timing
parameters from a memory controller.

In one embodiment, a method of performing write opera-
tions 1 a memory device including a plurality of banks in
which a plurality of memory cells are arranged, 1s performed.
Each bank includes two or more sub-banks including at least
a {irst sub-bank and a second sub-bank. The method compris-
ing: performing a first row cycle for writing to a first word line
of the first sub-bank, the first row cycle including a plurality
of first sub-periods, each sub-period for performing a particu-
lar action; and performing a second row cycle for writing to a
first word line of the second sub-bank, the second row cycle
including a plurality of second sub-periods of the same type
as the plurality of first sub-periods. The first row cycle over-
laps with the second row cycle, and a first type sub-period of
the first sub-periods overlaps with a second type sub-period of
the second sub-periods, the first type and second type being,
different types.

In one embodiment, the first type sub-period of the first
sub-periods also overlaps with a first type sub-period of the
second sub-periods, the first types being the same type. The
first type sub-period may be a data write operation time
period, and the second type sub-period may be a word line
enable time period or a precharge time period. Alternatively,
the first type sub-period may be a word line enable time
period, and the second type sub-period may be a precharge
time period. In another embodiment, the first type sub-period
1s a precharge time period, and the second type sub-period 1s
a word line enable time period.

In one embodiment, the first type sub-period 1s a word line
enable time period, and the second type sub-period is a pre-
charge time period.

In one embodiment, a row cycle start time for the first row
cycle 1s a different time from a row cycle start time for the
second row cycle. A row cycle end time for the first row cycle
1s a different time from a row cycle end time for the second
row cycle, and the time between the row cycle start time and
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2

row cycle end time for the first row cycle 1s the same as the
time between the row cycle start time and row cycle end time
for the second row cycle.

Also, a difference between the row cycle start time for the
first row cycle and the row cycle start time for the second row
cycle 1s between 5% and 25% of the difference between the
row cycle start time for the first row cycle and the row cycle
end time for the first row cycle.

The method may additionally include a plurality of addi-
tional row cycles for writing to the first sub-bank and a plu-
rality of additional row cycles for writing to the second sub-
bank, wherein starts of the row cycles between the first sub-
bank and second sub-bank are staggered.

In one embodiment, a method of performing write opera-
tions 1n a memory device including a plurality of banks in
which a plurality of memory cells are arranged 1s performed.
Each bank includes two or more sub-banks including at least
a first sub-bank and a second sub-bank. The method includes
performing a first cycle for a first word line of a first sub-bank
of a memory bank for writing to the first word line of the first
sub-bank, the first cycle including a word line enable time
period, a data write operation time period, and a precharge
time period; and performing a second cycle for a first word
line of a second sub-bank of the memory bank for writing to
the first word line of the second sub-bank, the second cycle
including a word line enable time period, a data write opera-
tion time period, and a precharge time period. The first cycle
overlaps with the second cycle, and the data write operation
time period of the first cycle overlaps with at least one of the
word line enable time period and the precharge time period of
the second cycle.

In one embodiment, the data write operation time period of
the first cycle also overlaps with the data write operation time
period of the second cycle. The word line enable time period
of the first cycle may overlap with the precharge time period
of the second cycle. The precharge time period of the first
cycle may overlaps with the precharge time period of the
second cycle. The word line enable time period of the first
cycle may overlap with the word line enable time period of the
second cycle.

In another embodiment, a controller 1s disclosed for con-
trolling write operations in a memory device including a
plurality of banks 1n which a plurality of memory cells are
arranged, each bank including two or more sub-banks 1nclud-
ing at least a first sub-bank and a second sub-bank. The
controller 1s configured to implement a method. The method
includes performing a first row cycle for writing to a first word
line of the first sub-bank, the first row cycle including a
plurality of first sub-periods, each sub-period for performing
a particular action; and performing a second row cycle for
writing to a first word line of the second sub-bank, the second
row cycle imncluding a plurality of second sub-periods of the
same type as the plurality of first sub-periods. The first row
cycle overlaps with the second row cycle, and a first type
sub-period of the first sub-periods overlaps with a second type
sub-period of the second sub-periods, the first type and sec-
ond type being different types.

In one embodiment, the first type sub-period of the first
sub-periods also overlaps with a first type sub-period of the
second sub-periods, the first types being the same type.

In one embodiment the first type sub-period is a data write
operation time period, and the second type sub-period 1s a
word line enable time period or a precharge time period.

In one embodiment, a row cycle start time for the first row
cycle 1s a different time from a row cycle start time for the
second row cycle. A row cycle end time for the first row cycle
may be a different time from a row cycle end time for the
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second row cycle, and the time between the row cycle start
time and row cycle end time for the first row cycle may be the
same as the time between the row cycle start time and row
cycle end time for the second row cycle.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments will be more clearly understood
from the following detailed description taken 1n conjunction
with the accompanying drawings 1n which:

FIG. 1 1s a block diagram 1illustrating a memory device
which may use a method of managing one or more hidden
timing parameters, according to one exemplary embodiment;

FI1G. 2 1s a circuit diagram illustrating one of banks of the
memory device of FIG. 1, according to one exemplary
embodiment;

FIGS. 3A through 3D are diagrams for explaining an
operation of the memory device of FIG. 1, according to cer-
tain exemplary embodiments;

FIG. 4 1s a block diagram 1llustrating a memory device
which may use a method of managing one or more hidden
timing parameters, according to another exemplary embodi-
ment;

FIG. 5 1s a block diagram 1llustrating a memory device
which may use a method of managing one or more hidden
timing parameters, according to another exemplary embodi-
ment;

FIG. 6 1s a diagram for explaining an architecture of a first
bank of FIG. 5, according to certain exemplary embodiments.

FIG. 7 1s a diagram for explaining timing constraints in
continuous commands of different sub-arrays i FIG. 6,
according to certain exemplary embodiments;

FIG. 8 1s a block diagram illustrating a memory system
which may use a method of managing one or more hidden
timing parameters, according to one exemplary embodiment;

FIG. 9 1s a block diagram illustrating a memory system
which may use a method of managing one or more hidden
timing parameters, according to another exemplary embodi-
ment;

FIG. 10 1s a diagram for explaining a specification of a
timing parameter between a memory controller and a
memory device of FIG. 9, according to certain exemplary
embodiments;

FIG. 11 1s a block diagram 1llustrating a semiconductor
memory device which may use a method of managing one or
more hidden timing parameters, according to one exemplary
embodiment;

FI1G. 12 15 a block diagram illustrating a memory system to
which the semiconductor memory device of FIG. 11 1s
applied, according to an exemplary embodiment; and

FIG. 13 1s a block diagram 1illustrating a computing system
on which a memory system 1s mounted, according to an
exemplary embodiment.

DETAILED DESCRIPTION

As used herein, the term “and/or” includes any and all
combinations of one or more of the associated listed 1tems.
Expressions such as “at least one of,” when preceding a list of
clements, modity the entire list of elements and do not modity
the 1ndividual elements of the list.

The present disclosure will now be described more fully
with reference to the accompanying drawings, in which
exemplary embodiments are shown. While exemplary
embodiments are susceptible to various modifications and
alternative forms, specific embodiments thereof are shown by
way of example 1n the drawings and will herein be described
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in detail. It should be understood, however, that there 1s no
intent to limit exemplary embodiments to the particular forms
disclosed, but conversely, exemplary embodiments are to
cover all modifications, equivalents, and alternatives falling
within the spirit and scope of the inventive concept. In the
drawings, similar reference numerals denote similar compo-
nents. Sizes of structures 1 the drawings may be exaggerated
or diminished for clanty.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not intended to be
limiting of exemplary embodiments. As used herein, the sin-
gular forms “a”, “an” and “the” are intended to include the
plural forms as well, unless the context clearly indicates oth-
erwise. It will be further understood that the terms “com-
prises”, “comprising,”’, “includes™ and/or “including”’, when
used herein, specily the presence of stated features, integers,
steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other fea-
tures, integers, steps, operations, elements, components, and/
or groups thereof.

Unless defined otherwise, all terms including technical and
scientific terms used herein have meanings which can be
generally understood by those of ordinary skill 1n the art, 1f
the terms are not particularly defined. General terms defined
by dictionaries should be understood to have meanings which
can be contextually understood in the art and should not have
ideally or excessively formal meanings, 1f the terms are not
defined particularly herein.

It will be understood that when an element 1s referred to as
being “connected” or “coupled” to or “on’” another element, 1t
can be directly connected or coupled to or on the other ele-
ment or interveming elements may be present. In contrast,
when an element 1s referred to as being “directly connected”
or “directly coupled” to another element, there are no inter-
vening elements present. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed 1tems and may be abbreviated as */”.

It will be understood that, although the terms first, second,
etc. may be used herein to describe various elements, these
clements should not be limited by these terms. Unless 1ndi-
cated otherwise, these terms are only used to distinguish one
clement from another. For example, a first bank or sub-bank
could be termed a second bank or sub-bank, and, similarly, a
second bank or sub-bank could be termed a first bank or
sub-bank without departing from the teachings of the disclo-
sure.

In a semiconductor memory device, examples of timing,
parameters include a row cycle time tRC, a /RAS-to-/CAS
time tRCD), a write recovery time tWR, a row precharge time
tRP, and a row active-to-row active time tRRD.

Therow cycle time tRC represents a time between an active
command and a next active command. The /RAS-to-/CAS
time tRCD represents a time between the applying of a /RAS
signal and the applying of a /CAS signal, for example, a time
between a row active command and a column active com-
mand. The tRCD therefore represents a number of clock
cycles between the activating of a row of memory and access-
ing columns within it. As described further below, the tRCD
corresponds to a first period of a cycle, also referred to herein
as a word line enable time period. The write recovery time
tWR represents a time between the enabling of a word line
and the writing of data to a memory cell. As described further
below, the write recovery time tWR corresponds to a second
period of a cycle, also referred to herein as a data write
operation time period. The row precharge time tRP represents
a time between the write recovery time tWR and the precharg-

ing of a bit line 1n order to prepare a next active command. As
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described further below, the precharge time tRP corresponds
to a third period of a cycle, also referred to herein as a
precharge time period. The row active-to-row active time
tRRD represents a time between a row active command and a
row active command, such as, for example, a row active-to-
row active time between different sub-banks. Additional
description of these different time periods are described 1n
U.S. Pat. No. 7,495,973, which 1s incorporated by reference
herein 1n 1ts entirety.

As the write recovery time tWR increases, a data write time
to a memory cell may increase. Accordingly, the semiconduc-
tor memory device may obtain a sufficient time margin
needed to write data.

As a semiconductor process shrinks, timing parameters
increase, thereby reducing semiconductor yield. From among
the timing parameters, the write recovery time tWR 1s an
important factor 1n reducing semiconductor yield.

If the write recovery time tWR, which increases as a semi-
conductor process shrinks, 1s not used in determining timing
parameters 1n a semiconductor device, a semiconductor pro-
cess may be simplified and yield may be improved. Accord-
ingly, manufacturing costs of the semiconductor memory
device may be reduced. A memory system may include a
highly integrated, low-cost memory device even when the
memory system reaches a scaling limit.

FIG. 1 1s a block diagram 1llustrating a memory device 100
which may use a method of managing one or more timing,
parameters, according to one embodiment.

Referring to FIG. 1, the memory device 100 includes a
plurality of banks, such as an A bank through an H bank 110
through 180 in which a plurality of memory cells are arranged
in columns and rows. FEach of the plurality of banks 110
through 180 includes a plurality of word lines WLs, a plural-
ity of bit lines BLs, and a plurality of memory cells MCs
disposed near intersections between the word lines WLs and
the bit lines BLs, as shown 1n FIG. 2. In one embodiment,
cach of the memory cells MCs includes a dynamic random
access memory (DRAM) cell structure. The word lines WLs
to which the memory cells MCs are connected may be defined
as rows o the banks 110 through 180, and the bit lines BLs to
which the memory cells MCs are connected may be defined as
columns of each of the banks 110 through 180.

The memory device 100 includes 8 banks, for example, the
A bank through the H bank 110 through 180 in FIG. 1.
However, the present disclosure 1s not limited thereto, and the
number of banks included in the memory device 100 may be
different from 8.

Each of the plurality of banks 110 through 180 may include
a first sub-bank 111, a second sub-bank 112, a {first row
decoder 113, a Second row decoder 114, a first column
decoder 115, and a second column decoder 116. The first row
decoder 113 and the second row decoder 114 may recerve
bank address signals BAs and row address signals RAs. The
first column decoder 115 and the second column decoder 116
may receive column address signals (not shown). One of the
plurality of banks 110 through 180 may be selected according
to the bank address signals BAs, and memory cells in the
selected bank may be addressed according to the row address
signals RAs and the column address signals.

The A bank 110 may be divided into the first sub-bank 111
and the second sub-bank 112. In one embodiment, the first
sub-bank 111 and the second sub-bank 112 are arranged 1n a
direction, for example, a row direction, 1n which the word
lines WLs of the memory cells MCs are arranged. The {first
sub-bank 111 may be connected to the first row decoder 113
and the first column decoder 115. Memory cells of the first
sub-bank 111 may be addressed by the first row decoder 113
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and the first column decoder 115. The second sub-bank 112
may be connected to the second row decoder 114 and the
second column decoder 116. Memory cells of the second
sub-bank 112 may be addressed by the second row decoder
114 and the second column decoder 116.

The first sub-bank 111 or the second sub-bank 112 may be
selected by any one bit from among the row address signals
R As applied to the first row decoder 113 and the second row
decoder 114. For example, the first sub-bank 111 or the sec-
ond sub-bank 112 may be selected by a most significant bat
(MSB) signal RA, ., of the row address signals RAs. The
first sub-bank 111 may be selected by a /RA, ,.» signal, and
the second sub-bank 112 may be selected by a RA, ;.- signal.

In one embodiment, the first sub-bank 111 and the second
sub-bank 112 are respectively connected to first and second
data line sense amplifier blocks 117 and 118 and also respec-
tively connected to first and second data mput/output lines
I/0 ,+, and IO , ., which are independent from each other.
Data read from the first sub-bank 111 may be output through
the first data line sense amplifier block 117 and the first data
input/output lines /O ,,. Data read from the second sub-
bank 112 may be output through the second data line sense
amplifier 118 and the second data input/output lines I/O ..

Like the A bank 110, each ofthe B bank through the H bank
120 through 180 may be divided into a first sub-bank and a
second sub-bank. The first sub-bank of each bank may be
connected to a first row decoder, a first column decoder, a first
data line sense amplifier block, and first data input/output
lines. The second sub-bank of each bank may be connected to
a second row decoder, a second column decoder, a second
data line sense amplifier block, and second data input/output
lines. Although each of the A bank through the H bank 110
through 180 includes two sub-banks 1n FIG. 1, the present
embodiment 1s not limited thereto, and the number of sub-
banks included in each of the banks may be different from 2.
The sub-banks may be connected to data line sense amplifier
blocks and data input/output lines which are independent
from each other.

FIGS. 3A through 3D are diagrams for explaining an exem-
plary operation of the memory device 100 of FIG. 1. F1IG. 3A
1s a diagram for explaining a bank interleaving method. FIGS.
3B through 3D are diagrams for explaining a sub-bank inter-
leaving method.

Referring to FIG. 3 A, 1n the bank interleaving method, the
A bank through the H bank 110 through 180 operate 1n an
interleaved manner, that 1s, continuously, one bank-by-one
bank. The bank interleaving method may include an opera-
tion of, for example, the A bank 110 and an operation of any
one bank from among the banks 120 through 180 other than
the A bank 110. For example, operations on the different
banks may alternate, so that a row cycle of the first bank
occurs, then a row cycle of the second bank occurs, and then
the alternating pattern repeats. Alternatively, the bank inter-
leaving method may include an operation of the A bank 110
and an operation of the A bank 110. The bank 1nterleaving
method of FIG. 3A will be explained with reference to a
continuous operation of the A bank 110.

A first active command ACT0 for the A bank 110 1s applied,
a /RAS-to-/CAS time tRCD elapses, and a first word line
WLO 1s enabled. The first word line WLO0 1s connected to
selected memory cells in the A bank 110. A data write opera-
tion to the selected memory cells connected to the first word
line WL0 1s performed. A memory cell data write operation of
the A bank 110 1s performed for a write recovery time tWR.
After the write recovery time tWR elapses, bit lines of the
memory cells in the A bank 110 are precharged due to a first
precharge command PREQ. A bit line precharge operation of
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the A bank 110 1s performed for a row precharge time tRP. A
first write operation of the A bank 110 1s performed for
tRCD+tWR+tRP 1n total.

Next, a second active command ACT1 for the A bank 110
1s applied, a /RAS-to-/CAS time tRCD elapses, and a second
word line WL1 1s enabled. The second word line WL1 1s
connected to selected memory cells inthe A bank 110. A data
write operation to the selected memory cells connected to the
second word line WL1 1s performed. A memory cell data
write operation of the A bank 110 i1s performed for a write
recovery time tWR. After the write recovery time tWR
clapses, bit lines of the memory cells 1n the A bank 110 are
precharged due to a second precharge command PRFE1. A b1t
line precharge operation of the A bank 110 1s performed for a
row precharge time tRP. A second write operation of the A
bank 110 1s performed for tRCD+tWR+tRP 1n total. Addi-
tional write operations may then be performed for additional
word lines WL.2, WL3, etc.

In the bank interleaving method, the first write operation
and the second write operation of the A bank 110 are per-
formed at a tRC interval that corresponds to tRCD+tWR+tRP.
A row cycle time tRC may be, for example, about 50 ns or
more.

Referring to FIG. 3B, 1n the sub-bank interleaving method,
the first and second sub-banks 111 and 112 1n each of the
banks 110 through 180 operate 1n an interleaved manner, for
example, continuously, with overlapping but out of phase
cycles. The sub-bank interleaving method will be explained
with reference to, for example, operations of the first and
second sub-banks 111 and 112 of the A bank 110. It 1s
assumed that first set of active commands ACT00, ACT01,
ACTO02, and ACTO03 are active commands for the first sub-
bank 111 (e.g., each for a different word line) and second set
of active commands ACT10, ACT11, ACT12, and ACT13 are
active commands for the second sub-bank 112 (e.g., each for
a different word line).

The first active command ACTO00 of the first set of active
commands for the first sub-bank 111 1s applied, a /RAS-to-/
CAS time tRCD elapses, and a first word line WLO of the first
sub-bank 111 1s enabled. The first word line WLO0 1s con-
nected to selected memory cells 1n the first sub-bank 111. A
data write operation 1s performed on the selected memory
cells connected to the first word line WL0. A memory cell
data write operation of the first sub-bank 111 1s performed for
a memory cell data write time tWR'. After the memory cell
data write time tWR' elapses, bit lines of the memory cells 1n
the first sub-bank 111 are precharged due to a first precharge
command PREO. A bit line precharge operation of the first
sub-bank 111 1s performed for a row precharge time tRP.
Next, a second active command ACTO01 of the first set of
active commands for the first sub-bank 111 may be applied,
the second word line WL1 of the first sub-bank 111 may be
enabled, a memory cell data write operation may be per-
formed, and a bit line precharge operation may be performed.,
etc. This process may be repeated for a number of cycles for
writing to additional word lines of the first sub-bank 111.
Each cycle for writing to a word line may be referred to herein
as a row cycle, having a row cycle start time (trcs) and a row
cycle end time (trce).

The first active command ACT10 of the second set of active
commands for the second sub-bank 112 1s applied, a /RAS-
to-/CAS time tRCD elapses, and a first word line WL0 of the
second sub-bank 112 1s enabled. The first word line WLO 1s
connected to selected memory cells 1 the second sub-bank
112. A data write operation 1s performed on the selected
memory cells connected to the first word line WLO0. A
memory cell data write operation of the second sub-bank 112
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1s performed for amemory cell data write time tWR'. After the
memory cell data write time tWR' elapses, bit lines of the
memory cells 1n the second sub-bank 112 are precharged du
to a second precharge command PRE10. A bit line precharge
operation of the second sub-bank 112 1s performed for a row
precharge time tRP. Next, a second active command ACT11
of the second set of active commands for the second sub-bank
112 may be applied, a second word line WL1 of the second
sub-bank 112 may be enabled, a memory cell data write
operation may be performed, and a bit line precharge opera-
tion may be performed, etc. This process may be repeated for
a number of cycles for writing to additional word lines of the
second sub-bank 112.

In the sub-bank mnterleaving method, the first active com-
mand ACTO00 for the first sub-bank 111 and the first active
command ACT10 for the second sub-bank 112 may be
applied atatRRD interval, which corresponds to a row active-
to-row active time between different sub-banks. For example,
the row cycle start times trcs for data write operations to
different rows 1n different sub-ranks 111 and 112 of A bank
110 may be staggered. The row cycle start times trcs may
alternate between the sub-banks. Similarly, the row cycle end
times trce for data write operations to different rows 1n dif-
ferent sub-ranks 111 and 112 of A bank 110 may be stag-
gered. The row cycle start times trce may alternate between
the sub-banks A row active-to-row active time tRRD may be,
for example, about 6 ns or more.

As described above and as shown for example in FIG. 3B,
write operations for two word lines 1n different sub-banks of
a bank may occur simultaneously, but the start and end times
may be staggered. In addition, sub-periods within one sub-
bank (e.g., tRCD, tWR, and tRP) may overlap different sub-
periods of another sub-bank (e.g., tRCD, tWR, and tRP).
Certain sub-periods 1n a first sub-bank may overlap a different
type of sub-period in a second sub-bank, but may also overlap
a same type of sub-period i the second sub-bank. For
example, as shown in FI1G. 3B, the tWR' sub-period in the first
bank overlaps both a tRCD period 1n the second bank and a
tWR' period 1n the second bank. Other examples of sub-
periods, including start times and end times for different
sub-periods and relative lengths of sub-periods are shown 1n
FIGS. 3B-3D.

Since, in the bank interleaving method, two word lines may
not be enabled in one bank, for example, the A bank 110, a
continuous data write operation of the A bank 110 may be
performed at a tRC interval. However, 1n the sub-bank inter-
leaving method, a data write operation with respect to the first
and second sub-banks 111 and 112 1n the A bank 110 may be
performed at a tRRD interval. The row active-to-row active
time tRRD may be much shorter than the row cycle time tRC.
For example, 1n certain embodiments, the tRRD may be
between 5% and 25% of the cycle times tRC for each sub-
bank. Accordingly, in the sub-bank interleaving method,
since a continuous data write operation 1s performed at a
tRRD interval, a memory cell data write time tWR' 1in each
data write operation may increase.

In the sub-bank interleaving method, as the memory cell
data write time tWR' increases, a sulficient time needed to
write data may be obtained. A write recovery time tWR,
which 1ncreases as a semiconductor process shrinks, may be
compensated for.

Also, the memory cell data write time tWR' 1s not included
in a time interval of a continuous data write operation of
sub-banks. In the memory cell data write time tWR', a host,
for example, a memory controller, does not need to observe a
specification of the memory cell data write time tWR' as a
specification of a timing parameter at a continuous data write
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operation timing of sub-banks. For example, in the sub-bank
interleaving method, the memory cell data write time tWR'
may be hidden from the memory controller (e.g., unknown to
the memory controller). The hidden memory cell data write
time tWR' does not affect a data processing time and an
amount of data to be processed.

In the present embodiment, in the sub-bank interleaving
method, a sufficient amount of memory cell data write time
tWR' 1s obtained. In the sub-bank interleaving method, a
suificient amount of /RAS-to-/CAS time tRCD or row pre-
charge time tRP instead of a memory cell data write time
tWR' may be obtained.

FIG. 3C illustrates a case where a /RAS-to-/CAS time
tRCD' increases and FIG. 3D illustrates a case where a bit line
precharge time tRP' increases, 1n a continuous data write
operation of sub-banks. The /RAS-to-/CAS time tRCD' and
the bit line precharge time tRP' are not included 1n a time
interval of a continuous data write operation of sub-banks.
The /RAS-to-/CAS time tRCD' and the /RAS-to-/CAS time
tRP' may be hidden from a memory controller at a continuous
data write operation timing of sub-banks. The hidden /R AS-
to-/CAS time tRCD' or bit line precharge time tRP' does not
affect a data processing time and an amount of data to be
processed.

Although not shown, the examples of FIGS. 3B-3D may
also apply to a method for writing consecutively to a same
word line of different banks having different sub-banks. For
example, atRCD, tWR, and tRP may be applied to a first word
line of a first sub-bank of a first bank; next after tRRD), a
tRCD, tWR, and tRP may be applied to a first word line of a
second sub-bank of the first bank; next atRCD, tWR, and tRP
may be applied to a first word line of a first sub-bank of a
second bank after the tRCD, tWR, and tRP have completed
for the first word line of the first sub-bank of the first bank;
next after tRRD), and after the tRCD, tWR, and tRP have
completed for the first word line of the second sub-bank of the
first bank, a tRCD, tWR, and tRP may be applied to a first
word line of a second sub-bank of the second bank. This
procedure may repeat for additional banks.

FI1G. 4 15 a block diagram 1llustrating a memory device 400
which may use a method of managing one or more timing,
parameters, according to another exemplary embodiment.

Referring to FIG. 4, the memory device 400 1s different
from the memory device 100 of FIG. 1 in that an A bank 110°
includes 4 sub-banks. The A bank 110 may be divided into
first through fourth sub-banks 411, 412, 413, and 414.

The first sub-bank 411 may be connected to a first row
decoder 421, a first column decoder 431, a first data line sense
amplifier block 441, and first data input/output lines I/O .
Memory cells of the first sub-bank 411 may be addressed by
the first row decoder 421 and the first column decoder 431.
Data read from the first sub-bank 411 may be output through
the first data line sense amplifier block 441 and the first data
input/output lines I/O .

The second sub-bank 412 may be connected to a second
row decoder 422, a second column decoder 432, a second data
line sense amplifier block 442, and a second data line sense
amplifier block IO , .,. Memory cells of the second sub-bank
412 may be addressed by the second row decoder 422 and the
second column decoder 432. Data read from the second sub-
bank 412 may be output through the second data line sense
amplifier block 442 and the second data iput/output lines
[/O , .

The third sub-bank 413 may be connected to a third row
decoder 423, a third column decoder 433, a third data line
sense amplifier block 443, and third data input/output lines
[/0 , ;. Memory cells of the third sub-bank 413 may be
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addressed by the third row decoder 423 and the third column
decoder 433. Data read from the third sub-bank 413 may be
output through the third data line sense amplifier block 443
and the third data input/output lines I/O , ..

The fourth sub-bank 414 may be connected to a fourth row
decoder 424, a fourth column decoder 434, a fourth data line
sense amplifier block 444, and fourth data input/output lines
[/O , .. Memory cells of the fourth sub-bank 414 may be
addressed by the fourth row decoder 424 and the fourth col-
umn decoder 434. Data read from the fourth sub-bank 414
may be output through the fourth data line sense amplifier
block 444 and the fourth data mput/output lines I/O | .

One of the first through fourth sub-banks 411, 412, 413,
and 414 may be selected by two bits from among row address
signals RAs applied to the first through fourth row decoders
421 through 424. For example, any one sub-bank of the first
through fourth sub-banks 411, 412, 413, and 414 may be
selected by an MSB signal RA,,.» and an MSB-1 signal
RAM_, of the row address signals RAs.

Like the A bank 110 of FIG. 4, each of the B bank through
the H bank 120 through 180 of FIG. 1 may be divided into
four sub-banks, and any one of the first through fourth sub-
banks of each of the B bank through the H bank 120 through
180 may be selected by an MSB signal RA, .- and an MSB-1
signal RAM_. , of row address signals applied to first
through fourth row decoders. A first-sub bank of each of the B
bank through the H bank 120 through 180 may be connected
to a first row decoder, a first column decoder, a first data line
sense amplifier block, and first data input/output lines. A
second sub-bank of the bank may be connected to a second
row decoder, a second column decoder, a second data line
sense amplifier block, and second data input/output lines. A
third sub-bank of the bank may be connected to a third row
decoder, a third column decoder, a third data line sense ampli-
fier block, and third data input/output lines. A fourth sub-bank
of the bank may be connected to a fourth row decoder, a fourth
column decoder, a fourth data line sense amplifier block, and
fourth data input/output lines.

Although the memory device 400 includes 8 banks, that 1s,
the A bank through the H bank 110 through 180, and each of

the A bank through the H bank 110 through 180 includes 4

sub-banks 1n FIG. 4, the present disclosure 1s not limited
thereto and the number of sub-banks included in each of the A
bank through the H bank may be different from 4. The sub-
banks may be connected to data line sense amplifier blocks
and data mnput/output lines which are independent from each
other.

FIG. 5 1s a block diagram 1llustrating a memory device 500
which may use a method of managing one or more timing
parameters, according to another embodiment.

Referring to FIG. 5, the memory device 500 includes a
plurality of banks, such as first through eighth banks BANKO0

through BANKY7, each having a stack bank architecture. The
first through eighth banks BANKO0 through BANK7 may be
separated for noise distribution. The first through eighth
banks BANKUO0 through BANK7 may be separately disposed
on four equal surfaces, namely, first, second, third, and fourth
quarter surfaces, S0A, 508, 50C, and 50D about pads which
are arranged at a center of the memory device 500.

The first bank BANKO0 may be disposed on the first quarter
surface 50A and the fourth quarter surface 30D, and the
second bank BANK1 may be disposed on the second quarter
surface 30B and the third quarter surface 50C. The even banks
BANK2, BANK4, and BANK6 may be disposed on the first
quarter surface S0A and the fourth quarter surface 50D. The




US 8,693,269 B2

11

odd banks BANK3, BANKS, and BANK7 may be disposed
on the second quarter surface S0B and the third quarter sur-

tace S0C.

The first bank BANKO0 may include a first memory cell
array block 510a disposed on the first quarter surtace 50A and
amemory cell array block 51056 disposed on the fourth quarter

surface 50D. The second bank BANK1 may include a first
memory cell array block 520a disposed on the second quarter
surface 50B and a memory cell array block 52056 disposed on
the third quarter surface S0C. The third bank BANK?2 may
include a first memory cell array block 530a disposed on the
first quarter surface 50A and a memory cell array block 53056
disposed on the fourth quarter surtace 50D.

Each of the even banks BANK4 and BANK6 may include

a first memory cell array block disposed on the first quarter

surface 50A and a second memory cell array block disposed
on the fourth quarter surface 50D. Each of the odd banks

BANK3, BANKS, and BANKT7 may include a first memory

cell array block disposed on the second quarter surface 50B
and a second memory cell array block disposed on the third
quarter surface S0C.

The first quarter surface 50A of the memory device 500 has
a stack bank structure in which the first memory cell array
block 510q of the first bank BANKO0 and the first memory cell
array block 530q of the third bank BANK2 are stacked. The
first memory cell array block 510q of the first bank BANKO0
may be divided into two sub-array groups 511 and 512. The
first memory cell array block 530q of the third bank BANK?2
may be divided into two sub-array groups 331 and 532. The
sub-array groups 511 and 512 of the first bank BANKO and
the sub-array groups 531 and 532 of the third bank BANK?2
are arranged 1n a direction, that i1s, a column direction, 1n
which bit lines of memory cells are arranged.

The first memory cell array blocks 310a and 5304 of the
first and third banks BANK0 and BANK?2 are separated from
cach other about a row decoder 513. The first memory cell
array blocks 510a and 330aq may be connected to the row
decoder 513 and first and second column decoders 515 and
516. Memory cells of the first memory cell array blocks 510a
and 5330aq may be addressed by the row decoder 513 and the
first and second column decoders 515 and 516.

The row decoder 513 may receive bank address signals
BAs and row address signals RAs. The first and second col-
umn decoders 515 and 516 may recerve column address sig-

nals (not shown). One bank of the first and third banks
BANKO and BANK2 is selected according to the bank
address signals BAs, and memory cells of the sub-array
groups 511, 512, 531, and 532 1n the selected bank may be
addressed according to the row address signals RAs and the
column address signals.

The first sub-array group 511 or the second sub-array
group 512 of the first bank BANKO0 may be selected by any
one bit of the row address signals RAs applied to the row
decoder 513. For example, the first sub-array group 511 or the
second sub-array group 512 may be selected by an MSB
signal RA, . of the row address signals RAs. The first sub-
array group 311 may be selected by a/RA, .5 signal, and the
second sub-array group 512 may be selected by a RA, 5
signal.

Like 1n the first and third banks BANKO0 and BANK2, first
memory cell array blocks each divided into two sub-array
groups are stacked in the fifth and seventh banks BANK4 and
BANK®. One of the sub-array groups 1n the fifth and seventh
banks BANK4 and BANK6 may be selected by an MSB
signal RA, - of row address signals applied to the row

decoder 513.
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In the first through eighth banks BANKO0 through BANK7
disposed on the other quarter surfaces, namely, the second,
third, and fourth quarter surfaces, S0B, 50C, and 50D, first
memory cell array blocks each divided into two sub-array
groups are stacked. One of the sub-array groups 1n the first
through eighth banks BANKO through BANK7 may be
selected by an MSB signal RA, .. of row address signals
applied to a row decoder disposed on a corresponding one of
the quarter surfaces, namely, the second, third, and fourth
quarter surfaces, 30B, S0C, and 50D.

Although each of the first through eighth banks BANKO
through BANKY includes two sub-array groups in FIG. 5, the
present disclosure 1s not limited thereto and the number of
sub-array groups included in each of the first through eighth
banks BANKO0 through BANK7 may be different from 2.

FIG. 6 1s a diagram for explaining an exemplary architec-
ture of the first bank BANKO of FIG. S.

Referring to FIG. 6, the first sub-array group 511 and a
second sub-array group 312 may respectively include a plu-
rality of sub-arrays 611 through 618 and a plurality of sub-
arrays 631 through 638. The sub-arrays 611 through 618 1n
the first sub-array group 511 may be designed to share a data
line sense amplifier block (not shown) and data input/output
lines (not shown). Likewise, the sub-arrays 631 through 638
in the second sub-array group 5312 may be designed to share
the data line sense amplifier block and the data input/output
lines.

The sub-array 614 1n the first sub-array group 511 may be
connected to bit line sense amplifier blocks 621 and 622 that
are disposed over and under the sub-array 614. The bit line
sense amplifier block 621 may be connected to the sub-array
613. The bit line sense amplifier block 621 may be shared by
the sub-arrays 613 and 614. The bit line sense amplifier block
622 may be connected to the sub-array 615. The bit line sense
amplifier block 622 may be shared by the sub-arrays 614 and
615.

In the sub-array 614 in the first sub-array group 511, when
one word line WL1 1s enabled, data of memory cells con-
nected to the word line WL1 may be transmitted to the bit line
sense amplifier blocks 621 and 622 and may be sensed and
amplified. In this case, the sub-array 613 connected to the bit
line sense amplifier block 621 and the sub-array 615 con-
nected to the bit line sense amplifier block 622 should be to be
inactivated. For example, the sub-arrays 613 and 6135 adjacent
to the activated sub-array 614 are inactivated. The mnactivated
sub-arrays 613 and 615 may belong to a keep-away zone.

The first sub-array group 511 may activate a sub-array
outside the keep-away zone of the activated sub-array 614, for
example, the sub-array 612. When the sub-array 612 1s acti-
vated, since the sub-arrays 611 and 613 adjacent to the sub-
array 612 belong to a keep-away zone, the sub-arrays 611 and
613 are 1mactivated.

Meanwhile, the sub-array 618 1n the first sub-array group
511 may be activated. The sub-array 618 of the first sub-array
group 511 1s disposed adjacent to the second sub-array group
512. When the sub-array 618 of the first sub-array group 511
1s activated, since the sub-array 617 of the first sub-array
group 511 and the sub-array 631 of the second sub-array
group 312 belong to a keep-away zone, the sub-array 617 and
the sub-array 631 are inactivated.

Defective cells may be generated in the sub-arrays 611
through 618 in the first sub-array group 511. The sub-arrays
611 through 618 may include redundancy cells for repairing
defective cells. A defective cell generated 1n any of the sub-
arrays 611 through 618 may be replaced with a redundancy
cell in the sub-array. Alternatively, in one embodiment, a
defective cell generated in any of the sub-arrays 611 through




US 8,693,269 B2

13

618 may be replaced with a redundancy cell 1n another sub-
array. The another sub-array may be included in the first
sub-array group 511. As such, the first sub-array group 511
may be set to have repair flexibility therein.

The second sub-array group 512 may be set to have repair

flexibility therein. The sub-arrays 631 through 638 in the

second sub-array group 512 may include redundancy cells for
repairing defective cells. A defective cell generated in each of
the sub-arrays 631 through 638 in the second sub-array group
512 may be replaced with a redundancy cell of the sub-array.
Alternatively, a defective cell generated 1n each of the sub-
arrays 631 through 638 in the second sub-array group 512
may be replaced with a redundancy cell of another sub-array.

A s1ze of each of the first and second sub-array groups 511
and 512 may be reduced by reducing the number of the
sub-arrays 611 through 618 or the sub-arrays 631 through
638. Accordingly, as the number of sub-array groups
increases, parallelism efficiency may increase. Meanwhile, as
the number of sub-arrays 1n a sub-array group decreases,
repair flexibility may decrease. It 1s found that there 1s trade-
off between a measure (granularity) of a size of a sub-array
group and repair flexibility.

Information about a size of a sub-array group may be stored
in a storage unit (not shown) in the memory device 500. The
storage unit may include a non-volatile element including a
fuse or an anti-fuse. A size of a sub-array group may be set to
be large enough to include all sub-arrays. Also, a size of a
sub-array group may be determined according to the purpose
of use.

In order to simultaneously enable a plurality of word lines,
the first and second sub-array groups 511 and 512 may be
connected to row decoders or latch-type word line drivers
whose number 1s the same as the number of the simulta-
neously enabled word lines. When a plurality of row decoders
are included, since they take up a lot of space on a chip,
latch-type word line drivers may be used.

Each of the first and second sub-array groups 511 and 512
may include a plurality of sub-arrays, and the sub-arrays may
be designed to share a data line sense amplifier block (not
shown) and data input/output lines (not shown). An operation
command may be continuously applied to different sub-ar-
rays. Since sub-arrays share data mput/output lines, there
may exist timing constraints in commands applied to different
sub-arrays.

FI1G. 7 1s a diagram for explaining exemplary timing con-
straints 1n continuous commands of different sub-arrays 1n
FIG. 6.

Referring to FIG. 7, one sub-array from among the plural-
ity of sub-arrays 611 through 618 in the first sub-array group
511 1s referred to as a sub-array A, and another sub-array is
referred as a sub-array B. Upon examining a timing between
a current command of the sub-array A and a next command of
the sub-array B, there 1s no timing constraint between an
active command ACT of the sub-array A and an active com-
mand ACT of the sub-array B. This 1s because since the active
command ACT 1s a row command, there occurs no collision
in data mput/output lines shared by the sub-array A and the
sub-array B.

There 1s no timing constraint between the active command
ACT of the sub-array A and a precharge command PRE of the
sub-array B. Also, there 1s no timing constraint between the
active command ACT and a refresh command REF of the
sub-array B. This 1s because since, like the active command
ACT, the precharge command PRE and the refresh command
REF are row commands, there occurs no collision in data
input/output lines.
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A write/read command WR/RD of the sub-array B after the
active command ACT of the sub-array A 1s invalid. This 1s
because since during a write or read command, a column
selection line 1s turned on and a path to data input/output lines
1s formed by the column selection line, two word lines 1n
different sub-arrays 1n a sub-array group sharing the data
input/output lines may not be simultaneously enabled. In
order to apply the write/read command WR/RD 1n the sub-
array B, an active command has already been given, and thus
a write/read operation 1s performed in a state where two word
lines are simultaneously enabled.

There 1s no timing constraint between a precharge com-
mand PRE of the sub-array A and the active command ACT,
the precharge command PRE, or the refresh command REF of
the sub-array B.

In one embodiment, a tPRE2WR interval 1s needed
between the precharge command of the sub-array A and the
write command WR of the sub-array B. A tPRE2RD interval
1s needed between the precharge command PRE of the sub-
array A and the read command RD of the sub-array B. When
one word line 1s turned oif by the precharge command PRE 1n
the sub-array A, one word line for a write or read operation in
the sub-array B may be enabled. A precharge-to-write time
tPRE2WR and a precharge-to-read time tPRE2RD may be
times taken for a word line of the sub-array A to be turned off.

There 1s no timing constraint between a refresh command
REF of the sub-array A and the active command ACT, the
precharge command PRE, or the refresh command REF of the
sub-array B.

In one embodiment, a tREF2WR interval 1s needed
between the refresh command REF of the sub-array A and the
write command WR of the sub-array B. A tREF2RD interval
1s needed between the refresh command REF of the sub-array
A and the read command RD of the sub-array B. While one
word line 1s refreshed by the refresh command REF of the
sub-array A, 11 another word line 1s activated by the write/read
command WR/RD of the sub-array B, when one word line 1s
turned off after the retresh, one word line for a write or read
operation in the sub-array B may be enabled. A refresh-to-
write time tREF2WR and a refresh-to-read time tREF2RD
may be times taken for a word line of the sub-array A to be
turned off.

In one embodiment, a tWR2ACT interval 1s needed
between a write command WR of the sub-array A and the
active command ACT of the sub-array B. A tRD2ACT 1nter-
val 1s needed between a read command RD of the sub-array A
and the active command ACT of the sub-array B. When data
1s written to a memory cell or read-out data 1s latched to a data
line sense amplifier due to the write/read command WR/RD
of the sub-array A, if a column selection line 1s turned off, an
active operation of the sub-array B may be performed. A
write-to-active time tWR2ACT and a read-to-active time
tRD2ACT may be times taken for the column selection line of
the sub-array A to be turned off.

After the write/read command WR/RD of the sub-array A,
the precharge command PRE or the write/read command
WR/RD of the sub-array B 1s invalid. This 1s because two
word lines 1n different sub-arrays 1n a sub-array group sharing
data mput/output lines may not be simultaneously enabled.

In one embodiment, a tWR2RFF interval 1s needed
between the write command WR of the sub-array A and the
refresh command REF of the sub-array B. A tRD2REF inter-
val 1s needed between the read command of the sub-array A
and the refresh command REF of the sub-array B. When a
column selection line 1s turned off by the write/read command
WR/RD of the sub-array A, a refi

resh operation of the sub-
array B may be performed. The write-to-refresh time
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tWR2REF and read-to-refresh time tRID2REF may be times
taken for the column selection line of the sub-array A to be
turned off.

FIG. 8 1s a block diagram 1illustrating an exemplary
memory system 800 which may use a method of managing
one or more timing parameters, according to one embodi-
ment.

Referring to FIG. 8, the memory system 800 includes a
memory controller 810 and a memory module 820. The
memory controller 810 may apply command signals CMD,
address signals ADDR, and data DQ to the memory module
820. The memory module 820 may include a plurality of the
memory devices 100 and a buffer chip 822. The memory
module 820 may further include a non-volatile memory
device 824.

For example, 9 memory devices 100 may be included in the
memory module 820. One of the 9 memory devices 100 may
be used to correct an error generated 1n the 8 memory devices
100. That 1s, 1n order to correct a 1-bit error generated 1n each
of the 8 memory devices 100, an 8-bit parity bitis used. To this
end, one memory device 100 may be used. Accordingly, X72
data DQ which are a sum of X8 data D(Q mput and output to
and from the memory devices 100 may be transmitted
between the memory controller 810 and the memory module
820.

Each of the memory devices 100 may be a memory device
that operates 1n the sub-bank interleaving method described
with reference to FIGS. 1 and 4. The memory device 100 may
include a plurality of banks each including two or more sub-
banks. Sub-banks 1n any one of the plurality of banks of the
memory device 100 may continuously operate 1n an inter-
leaved manner one sub-bank-by-one sub-bank.

In the memory device 100, a continuous data write opera-
tion in one bank may decrease to a row active-to-row active
time tRRD between different banks. Accordingly, a memory
cell data write time tWR', a /RAS-to-/CAS time tRCD'
between the applying of a /RAS signal and the applying of a
/CAS signal, or a bit line precharge time tRP' increases during,
a data write operation 1n one bank. The /RAS-to-/CAS time
tRCD', the memory cell data write time tWR', and the bit line
precharge time tRP' are not used to control the timing of a
continuous data write operation of sub-banks. In a continuous
data write operation time, a host, for example, the memory
controller, does not need to observe specifications of timing
parameters tRCD', tWR', and tRP'. The /RAS-to-/CAS time
tRCD', the memory cell data write time tWR', and the bit line
precharge time tRP' may be hidden from the memory control-
ler.

Also, the memory device 100 may be the memory device
500 1including a plurality of banks 1n which memory cell array
blocks including two or more sub-array groups are stacked, as
described above with reference to FIG. 5. A sub-array outside
a keep-away zone of an activated sub-array in a sub-array
group may be activated. Also, when a sub-array belonging to
the keep-away zone belongs to another sub-array group, a
sub-array belonging to the another sub-array group may be
inactivated. In the memory device 100, defective cells gener-
ated 1n sub-arrays 1n a sub-array group may be replaced with
corresponding sub-arrays in the sub-array group or redun-
dancy cells 1n another sub-arrays. In the memory device 100,
there may exist timing constraints in commands continuously
applied to different sub-arrays.

The buifer chip 822 may recerve the command signals
CMD and the address signals ADDR from the memory con-
troller 810 and transmit the command signals CMD and the
address signals ADDR to the memory devices 100. If an
interface speed with the memory controller 810 1s very high,
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performance degradation caused by a difference in speed may
be minimized due to the builer chip 822.

Also, the buflfer chip 822 may control an operation of the
memory device 100 to be selectively relaxed. The butfer chip
822 monitors whether the command signal CMD and the
address signal ADDR access sub-banks in one bank of the
memory device 100.

The butier chip 822 may monitor an MSB signal RA, ., of
row address signals which selects sub-banks of the memory
device 100. If the sub-banks are accessed, the buifer chip 822
may relax an operation of the memory device 100 such that a
memory cell data write time tWR', a /RAS-to-/CAS time
tRCD' that 1s a time between the applying of a /RAS signal
and the applying of a/CAS signal, or a bit line precharge time
tRP' increases during a data write operation in one bank.

The nonvolatile memory device 824 may store information
about a size of a sub-array group of the memory device 500
(see FIG. 5), that 1s, the number of sub-arrays included 1n the
sub-array group. The nonvolatile memory device 824 may
include, for example, a fuse, an anti-fuse, a programmable
read-only memory (PROM), or a flash memory. The informa-
tion about the size of the sub-array group stored in the non-
volatile memory device 824 may be transmitted to the
memory controller 810 during power-up.

The memory controller 810 may calculate row address bits
for dividing sub-array groups and a row address which 1s a
boundary between sub-arrays by using sub-array group infor-
mation of the memory device 100. Accordingly, the memory
controller 810 may activate a sub-array outside a keep-away
zone of an activated sub-array 1n a sub-array group of the
memory device 100. Also, when a sub-array belonging to the
keep-away zone belongs to another sub-array group, the sub-
array may be mnactivated. The memory controller 810 may
replace defective cells generated 1n sub-arrays 1n a sub-array
group of the memory device 100 with corresponding sub-
arrays in the sub-array group or redundancy cells of another
sub-array. The memory controller 810 may observe timing
constraints 1n commands continuously applied to different
sub-arrays.

FIG. 9 1s a block diagram illustrating an exemplary
memory system 900 which may use a method of managing
one or more hidden timing parameters, according to one
embodiment.

Retferring to FIG. 9, the memory system 900 includes a
plurality of hosts 901 and 902, a memory controller 910, and
the memory device 100. Each of the hosts 901 and 902 may
include a microprocessor. The memory controller 910 may
control the memory device 100 according to read/write com-
mands RD/WR requested by the hosts 901 and 902. The
memory controller 910 may generate a command signal
CMD and an address signal ADDR based on the read/write
commands RD/WR of the hosts 901 and 902 and transmit the
command signal CMD and the address signal ADDR to the
memory device 100. Also, the memory device 100 may trans-
mit or receive data DQ) to or from the memory controller 910
according to the read or write commands RD/WR of the hosts
901 and 902.

The memory device 100 may be a memory device that
operates 1n the sub-bank interleaving method described with
reference to FIGS. 1 and 4. The memory device 100 may
include a plurality of banks each including two or more sub-
banks. In the memory device 100, sub-banks 1n any one bank
from among the plurality of banks may continuously operate
in an interleaved manner one sub-bank-by-one sub-bank.

In the memory device 100, a continuous data write opera-
tion 1n one bank may decrease to a row active-to-row active
time tRRD between different banks. Accordingly, a memory
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cell data write time tWR' a /RAS-to-/CAS time tRCDY
between the applying of a /RAS signal and the applying of a
/CAS signal, or a bit line precharge time tRP' increases during,
a data write operation 1n one bank. The /RAS-to-/CAS time
tRCD', the memory cell data write time tWR', and the bit line
precharge time tRP' are not included 1n a time interval of a
continuous data write operation of sub-banks. In a continuous
data write operation time, the memory controller 910 does not

need to observe specifications of timing parameters tRCD)',
tWR', and tRP'. The /RAS-to-/CAS time tRCD)', the memory
cell data write time tWR', and the bit line precharge time tRP'
may be hidden from the memory controller 910.

Also, the memory device 100 may be the memory device
500 1including a plurality of banks 1n which memory cell array
blocks including two or more sub-array groups are stacked, as
described above with reference to FIG. 5. A sub-array outside
a keep-away zone of an activated sub-array in a sub-array
group may be activated. Also, when a sub-array belonging to
the keep-away zone belongs to another sub-array group, a
sub-array belonging to the another sub-array group may be
inactivated. In the memory device 100, defective cells gener-
ated 1n sub-arrays 1n a sub-array group may be replaced with
corresponding sub-arrays in the sub-array group or redun-
dancy cells in another sub-array. In the memory device 100,
there may exist timing constraints in commands continuously
applied to different sub-arrays.

The memory controller 910 may vary the command signal
CMD and the address signal ADDR of the memory device
100 according to the read/write commands RD/WR requested
by the hosts 901 and 902. The memory controller 910 may
include a transaction queue 911, a command queue 915, and
a monitoring umt 916. The transaction queue 911 may
include an ordering unit 912 which gives an order to the
read/write commands RD/WR requested by the plurality of
hosts 901 and 902, and a logic umt 913 which converts the
read/write commands RD/WR of the hosts 901 and 902 1nto
the command signal CMD and the address signal ADDR of
the memory device 100. The command queue 915 may
sequentially store the command signal CMD and the address
signal ADDR generated by the logic unit 913, and then may
transmit the command signal CMD and the address signal
ADDR to the memory device 100.

The monitoring unit 916 may monitor the command signal
CMD and the address signal ADDR stored 1n the command
queue 915, and determine whether the command signal CMD
and the address signal ADDR access sub-banks 1n one bank of
the memory device 100. The monitoring unit 916 may moni-
tor an MSB signal RA,,., of row address signals which
selects sub-banks of the memory device 100. 11 the sub-banks
are accessed, the monitoring unit 916 may relax an operation
of the memory device 100 such that a memory cell data write
timetWR', a/RAS-to-/CAS time tRCD' that 1s atime between
the applying of a /RAS signal and the applying of a /CAS
signal, or a bit line precharge time tRP' increases.

The memory controller 910 may calculate row address bits
for dividing sub-array groups and a row address which 1s a
boundary between sub-arrays by using sub-array group infor-
mation of the memory device 100. Accordingly, the memory
controller 910 may 1nactivate a sub-array outside a keep-away
zone of an activated sub-array in a sub-array group. Also,
when a sub-array belonging to the keep-away zone belongs to
another sub-array group, the sub-array may be inactivated.
The memory controller 910 replaces defective cells generated
in sub-arrays in a sub-array group of the memory device 100
with corresponding sub-arrays in the sub-array group or
redundancy cells of another sub-array. The memory control-
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ler 910 may observe timing constraints 1n commands continu-
ously applied to different sub-arrays.

The memory controller 910 observes whether the memory
device 100 operates according to a specification of a timing
parameter 1n a data write operation, as shown, for example, 1n
FIG. 10. If the memory device 100 operates 1n the bank
interleaving method of FIG. 3A, the memory controller 910
observes, for example, specifications of timing parameters
tWR and tRP, from among timing parameters for a data write
operation, after predetermined write data DIN 1s mnput and
betfore a next active command 1s mnput. A write recovery time
tWR may be set to be, for example, about 15 ns or more, and
a row precharge time tRP may be set to be, for example, about
15 nm or more.

If the memory device 100 operates in the sub-bank inter-
leaving method of FIGS. 3B through 3D and different sub-
banks are selected by toggling an MSB signal RA, .. of row
address signals, the memory controller 910 does not need to
observe specifications of timing parameters tWR and tRP
from among timing parameters for a data write operation. In
this case, each of a write recovery time tWR and a row
precharge time tRP of the memory device 100 specifications
of which are observed by the memory controller 910 may be
set to be 0 ns. As the row precharge time tRP 1s set to be 0 ns,
a precharge operation of the memory device 100 becomes a
hidden precharge operation.

Even when the memory device 100 operates 1n the sub-
bank interleaving method of FIGS. 3B through 3D, an MSB
signal RA, /., of row address signals may not be toggled and
thus the same sub-banks may be selected. In this case, the
memory device 100 performs a continuous same bank access
operation similar to that in the bank interleaving method. The
memory controller 910 needs to observe specifications of
timing parameters tWR and tRP from among timing param-
cters for a data write operation. In this case, a write recovery
time tWR and a row precharge time tRP ol the memory device
100 specifications of which are observed by the memory
controller 910 may be set to be, for example, 25 ns or more
and 15 ns or more, respectively.

A memory device for performing a method of managing
one or more hidden timing parameters may be included 1n a
semiconductor memory device as shown i FIG. 11, for

example, a double data rate synchronous dynamic random
access memory (DDR-SDRAM) 1100.

Referring to FIG. 11, the DDR-SDRAM 1100 may include
a memory cell array 1101 including a DRAM cell, and vari-
ous circuit blocks for driving the DRAM cell. For example,
when a chip selection signal CS changes from an 1nactive
level ({or example, a logic high level) to an active level ({or
example, a logic low level), a timing register 1102 may be
activated. The timing register 1102 may receive command
signals such as a clock signal CLK, a clock enable signal
CKE, a chip selection signal CSB, a row address strobe signal
RASB, a column address strobe signal CASB, a write enable
signal WEB, and a data input/output mask signal DQM from
the outside, and generate various internal command signals
LRAS, LCBR, LWE, LCAS, LWCBR, and LDQM for con-
trolling the circuit blocks by processing the command signals.

Some of the mternal command signals generated by the
timing register 1102 are stored in a programming register
1104. For example, latency information or burst length infor-
mation related to data output may be stored 1n the program-
ming register 1104. The mternal command signals stored in
the programming register 1104 may be applied to a latency/
burst length control unit 1106. The latency/burst length con-
trol unit 1106 may apply a control signal for controlling a
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latency or a burst length of data output to a column decoder
1110 or an output buffer 1112 through a column address
buffer 1108.

An address register 1120 may receive an address signal
ADD from the outside. A row address signal may be applied
to a row decoder 1124 through a row address buifer 1122.
Also, a column address signal may be applied to the column
decoder 1110 through a column address butler 1108. The row
address buffer 1122 may further recerve a refresh address
signal generated in a refresh counter 1n response to the refresh
command signals LRAS and LCBR, and may apply any one
of the row address signal and the refresh address signal to the
row decoder 1124. Also, the address register 1120 may apply
a bank signal for selecting a bank to a bank selecting unit
1126.

The row decoder 1124 may decode the row address signal
or the refresh address signal input from the row address butifer
1122, and activate a word line of the memory cell array 1101.
The column decoder 1110 may decode the column address
signal, and perform a selection operation on a bit line of the
memory cell array 1101. For example, a column selection line
may be applied to the semiconductor memory device 1100
and a selection operation may be performed through the col-
umn selection line.

A sense amplifier 1130 may amplify data of a memory cell
selected by the row decoder 1124 and the column decoder
1110 to obtain amplified data, and transmuit the amplified data
to the output butfer 1112. Data to be written to a data cell may
be transmitted to the memory cell array 1101 through a data
input register 1132, and an input/output controller 1134 may
control a data transmission operation through the data input
register 1132,

The memory cell array 1101 may include a plurality of
banks each including two or more sub-banks. In the memory
cell array 1101, sub-banks in one bank from among the plu-
rality of banks may continuously operate 1n an interleaved
manner one sub-bank-by one sub-bank. A continuous data
write operation 1n one bank may decrease a row active-to-row
active time tRRD between different banks. Accordingly, a
memory cell data write time tWR' a /RAS-to-/CAS time
tRCD' between the applying of a /RAS signal and the apply-
ing of a /CAS signal, or a bit line precharge time tRP'
increases during a data write operation 1 one bank. The
/RAS-t0-/CAS time tRCD)', the memory cell data write time
tWR', and bit line precharge time tRP' are not included 1n a
time interval of a continuous data write operation of sub-
banks. In a continuous data write operation of sub-banks, a
memory controller does not need to observe specifications of
timing parameters tRCD', tWR', and tRP'. The /RAS-to-/CAS
time tRCD', the memory cell data write time tWR', and the bit
line precharge time tRP' may be hidden from the memory
controller.

Also, the memory cell array 1101 may include a plurality
of banks 1n which memory cell array blocks each including
two or more sub-array groups are stacked. In the memory cell
array 1101, a sub-array outside a keep-away zone of an acti-
vated sub-array 1n a sub-array group may be activated. Also,
when a sub-array belonging to the keep-away zone belongs to
another sub-array group, a sub-array belonging to the another
sub-array group may be iactivated. In the memory cell array
1101, defective cells generated 1n sub-arrays in a sub-array
group may be replaced with corresponding sub-arrays in the
sub-array group or redundancy cells 1n another sub-array. In
the memory cell array 1101, there may exist timing con-
straints 1n commands continuously applied to different sub-
arrays.
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FIG. 12 1s a diagram 1llustrating a memory system 1200 to
which the semiconductor memory device 1100 of FIG. 11 1s
applied, according to one embodiment.

Referring to FIG. 12, the memory system 1200 may
include a memory module 1210 and a memory controller
1220. In the memory module 1210, one or more semiconduc-
tor memory devices 1230 may be mounted on a module
board. The semiconductor memory device 1230 may be
embodied as a DRAM chip. In one embodiment, one or more
of the semiconductor memory devices 1230 may include a
plurality of semiconductor layers. The semiconductor layers
may include, for example, one or more master chips 1231 and
one or more slave chips 1232. A signal may be transmitted
between the semiconductor layers through one or more
through-silicon via TSV.

Each of the master chip 1231 and the slave chip 1232 may
include the memory device 100 of one of the above embodi-
ments. The memory devices 100 may be a memory device
that operates 1n the sub-bank interleaving method described
with reference to FIGS. 1 and 4. The memory device 100 may
include a plurality of banks each including two or more sub-
banks. In the memory device 100, sub-banks 1n one bank from
among the plurality of banks may continuously operate 1n an
interleaved manner.

In the memory device 100, a continuous data write opera-
tion 1n one bank may decrease to a row active-to-row active
time tRRD between different sub-banks. Accordingly, a
memory cell data write time tWR', a /RAS-to-/CAS time
tRCD' between the applying of a /RAS signal and the apply-
ing of a /CAS signal, or a bit line precharge time tRP' may
increase during a data write operation in one bank. The /R AS-
to-/CAS time tRCD', memory cell data write time tWR', and
the bit line precharge time tRP' are not used to control time
interval of a continuous data write operation of sub-banks. In
a continuous data write operation of sub-banks, a memory
controller does not need to observe specifications of timing
parameters tRCD', tWR', and tRP'. The /RAS-to-/CAS time
tRCD', the memory cell data write time tWR', and the bit line
precharge time tRP' may be hidden from the memory control-
ler.

Also, the memory device 100 may be the memory device
500 including a plurality of banks 1n which memory cell array
blocks including two or more sub-array groups are stacked, as
described above with reference to FIG. 5. A sub-array outside
a keep-away zone of an activated sub-array in a sub-array
group may be activated. Also, when a sub-array belonging to
the keep-away zone belongs to another sub-array group, a
sub-array belonging to the another sub-array group may be
inactivated. In the memory device 100, defective cells gener-
ated 1n sub-arrays 1n a sub-array group may be replaced with
corresponding sub-arrays in the sub-array group or redun-
dancy cells in another sub-array. In the memory device 100,
there may exist timing constraints in commands continuously
applied to different sub-arrays.

The memory module 1210 may communicate with a
memory controller 1220 via a system bus. Data D(Q, a com-
mand/address signal CMD/ADD, and a clock signal CLK
may be transmitted or received between the memory module
1210 and the memory controller 1220 via the system bus.
Although the controller 1220 1s shown as a separate device, in
certain embodiments, 1t may be located as part of the module
1210.

FIG. 13 1s a block diagram 1llustrating a computing system
1300 on which a memory system 1s mounted, according to an
exemplary embodiment.

Referring to FIG. 13, a RAM may be mounted as a semi-
conductor memory device on the computing system 1300
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such as a mobile device or a desktop computer. The RAM
1320 may be any one described 1n the embodiments of the
present disclosure. For example, the RAM 1320 may be a
semiconductor memory device or a memory module 1n the
above embodiments. Alternatively, the RAM 1320 may be a
combination of a semiconductor memory device and a
memory controller.

The computing system 1300 1ncludes a central processing
unit (CPU) 1310, the RAM 1320, a user interface 1330, and a
nonvolatile memory 1340, which are electrically connected
to a bus 1350. The nonvolatile memory 1340 may be a mass
storage device such as a solid state drive (SSD) or a hard disk
drive (HDD).

In the computing system 1300, the RAM 1320 may include
the memory device 100. The memory device 100 may be a
memory device that operates 1n the sub-bank interleaving
method described with reference to FIGS. 1 and 4. The
memory device 100 may include a plurality of banks each
including two or more sub-banks. In the memory device 100,
sub-banks 1n one bank from among the plurality of banks may
continuously operate 1n an interleaved manner one sub-bank-
by-one sub-bank.

In the memory device 100, a continuous data write opera-
tion in one bank may decrease to a row active-to-row active
time tRRD between different banks. Accordingly, a memory
cell data write time tWR', a /RAS-to-/CAS time tRCD'
between the applying of a /RAS signal and the applying of a
/CAS signal, or a bit line precharge time tRP' increases during
a data write operation 1n one bank. The /RAS-to-/CAS time
tRCD', the memory cell data write time tWR', and the bit line
precharge time tRP' are not used to control a time nterval of
a continuous data write operation of sub-banks. In a continu-
ous data write operation of sub-banks, a memory controller
does not need to observe specifications of timing parameters
tRCD', tWR', and tRP'. The /RAS-t0o-/CAS time tRCD', the
memory cell data write time tWR', and the bit line precharge
time tRP' may be hidden from the memory controller.

Also, the memory device 100 may be the memory device
500 1including a plurality of banks 1n which memory cell array
blocks including two or more sub-array groups are stacked, as
described above with reference to FIG. 5. A sub-array outside
a keep-away zone of an activated sub-array in a sub-array
group may be activated. Also, when a sub-array belonging to
the keep-away zone belongs to another sub-array group, a
sub-array belonging to the another sub-array group may be
inactivated. In the memory device 100, defective cells gener-
ated 1n sub-arrays 1n a sub-array group may be replaced with
corresponding sub-arrays in the sub-array group or redun-
dancy cells in another sub-array. In the memory device 100,
there may exist timing constraints in commands continuously
applied to different sub-arrays.

While the present disclosure has been particularly shown
and described with reference to exemplary embodiments
thereot, 1t will be understood that various changes 1n form and
details may be made therein without departing from the spirit
and scope of the following claims.

What 1s claimed 1s:

1. A method of performing write operations 1n a memory
device 1including a plurality of banks 1n which a plurality of
memory cells are arranged, each bank including two or more
sub-banks 1ncluding at least a first sub-bank and a second
sub-bank, the method comprising:

performing a first row cycle for writing to a first word line

of the first sub-bank, the first row cycle including a
plurality of first sub-periods, each sub-period for per-
forming a particular action; and
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performing a second row cycle for writing to a first word
line of the second sub-bank, the second row cycle
including a plurality of second sub-periods of the same
type as the plurality of first sub-periods;

wherein the first row cycle overlaps with the second row

cycle, and a first type sub-period of the first sub-periods
overlaps with a second type sub-period of the second
sub-periods, the first type and second type being differ-
ent types.

2. The method of claim 1, wherein the first type sub-period
of the first sub-periods also overlaps with a first type sub-
period of the second sub-periods, the first types being the
same type.

3. The method of claim 2, wherein the first type sub-period
1s a data write operation time period, and the second type
sub-period 1s a word line enable time period or a precharge
time period.

4. The method of claim 2, wherein the first type sub-period
1s a word line enable time period, and the second type sub-
period 1s a precharge time period.

5. The method of claim 2, wherein the first type sub-period
1s a precharge time period, and the second type sub-period 1s
a word line enable time period.

6. The method of claim 1, wherein the first type sub-period
1s a word line enable time period, and the second type sub-
period 1s a precharge time period.

7. The method of claim 1, wherein a row cycle start time for
the first row cycle 1s a different time from a row cycle start
time for the second row cycle.

8. The method of claim 7, wherein a row cycle end time for
the first row cycle 1s a different time from arow cycle end time
for the second row cycle, and the time between the row cycle
start time and row cycle end time for the first row cycle is the
same as the time between the row cycle start time and row
cycle end time for the second row cycle.

9. The method of claim 7, wherein a difference between the
row cycle start time for the first row cycle and the row cycle
start time for the second row cycle 1s between 5% and 25% of
the difference between the row cycle start time for the first
row cycle and the row cycle end time for the first row cycle.

10. The method of claim 1, further comprising a plurality of
additional row cycles for writing to the first sub-bank and a
plurality of additional row cycles for writing to the second
sub-bank, wherein starts of the row cycles between the first
sub-bank and second sub-bank are staggered.

11. A method of performing write operations 1n a memory
device including a plurality of banks 1n which a plurality of
memory cells are arranged, each bank including two or more
sub-banks 1ncluding at least a first sub-bank and a second
sub-bank, the method comprising:

performing a first cycle for a first word line of a first

sub-bank of a memory bank for writing to the first word
line of the first sub-bank, the first cycle including a word
line enable time period, a data write operation time
period, and a precharge time period; and

performing a second cycle for a first word line of a second

sub-bank of the memory bank for writing to the first
word line of the second sub-bank, the second cycle
including a word line enable time period, a data write
operation time period, and a precharge time period;
wherein the first cycle overlaps with the second cycle, and
the data write operation time period of the first cycle
overlaps with at least one of the word line enable time
period and the precharge time period of the second cycle.

12. The method of claim 11, wherein the data write opera-
tion time period of the first cycle also overlaps with the data
write operation time period of the second cycle.
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13. The method of claim 12, wherein the word line enable
time period of the first cycle overlaps with the precharge time
period of the second cycle.

14. The method of claim 12, wherein the precharge time
period of the first cycle overlaps with the precharge time
period of the second cycle.

15. The method of claim 12, wherein the word line enable
time period of the first cycle overlaps with the word line

enable time period of the second cycle.

16. A controller for controlling write operations 1n a
memory device including a plurality of banks 1n which a
plurality of memory cells are arranged, each bank including,
two or more sub-banks including at least a first sub-bank and
a second sub-bank, the controller configured to implement a
method comprising:

performing a first row cycle for writing to a first word line

of the first sub-bank, the first row cycle including a
plurality of first sub-periods, each sub-period for per-
forming a particular action; and

performing a second row cycle for writing to a first word

line of the second sub-bank, the second row cycle
including a plurality of second sub-periods of the same
type as the plurality of first sub-periods;
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wherein the first row cycle overlaps with the second row
cycle, and a first type sub-period of the first sub-periods
overlaps with a second type sub-period of the second
sub-periods, the first type and second type being differ-
ent types.

17. The controller of claim 16, wherein first type sub-
period of the first sub-periods also overlaps with a first type
sub-period of the second sub-periods, the first types being the
same type.

18. The controller of claim 17, wherein the first type sub-
period 1s a data write operation time period, and the second
type sub-period 1s a word line enable time period or a pre-
charge time period.

19. The controller of claim 16, wherein a row cycle start
time for the first row cycle 1s a different time from a row cycle
start time for the second row cycle.

20. The controller of claim 19, wherein a row cycle end
time for the first row cycle 1s a different time from a row cycle
end time for the second row cycle, and the time between the
row cycle start time and row cycle end time for the first row
cycle 1s the same as the time between the row cycle start time
and row cycle end time for the second row cycle.
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